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SUMMARY 


A prototype  rotary  vacuum  diatomaceous  earth  precoat  filtration 
unit  (RVPF)  was  built  from  commercially  available  components,  with 
modifications  by  the  contractor  to  handle  fiber-containing  wastes. 

The  equipment  is  all  contained  on  an  aluminum  skid  with 
6 feet  by  8 feet  dimensions.  All  equipment,  as  specified,  is  explosion 
proof,  including  the  control  panel. 

Cost  of  the  equipment,  exluding  developmental  expense,  was  about 
$42,900. 

The  size  of  the  RVPF  itself  was  based  on  work  done  under  a 
previous  contract  DAAG  53-75-C-0276  in  which  concentrated  human  waste 
was  filtered  without  pretreatment.  In  performance  tests  at  Ft.  Belvoir 
with  similar  material  (it  varies  widely  from  batch  to  batch  and  time 
to  time)  this  prototype  produced  results  quite  comparable  to  those 
obtained  during  the  previous  pilot  plant  studies.  Actual  precoat 
cake  width  was  wider  than  specified  and  10  to  25  percent  more  waste 
could  be  filtered  than  had  been  planned. 


The  previous  study  indicated  that  degradation  of  the  waste 
resulted  in  increased  filtration  rates.  The  present  studies  confirmed 
that  substantial  degradation  does  occur,  apparently  mostly  in  the 
first  week,  and  filtration  rates  do  increase  but  not  as  rapidly  as  TSS 
values  decrease. 

In  all  cases  virtually  complete  separation  of  TSS,  usally  better 
than  99.9%  was  achieved  whether  the  feed  was  degraded  or  not. 

This  report  also  includes  drawings,  proposed  specifications  and 
raw  data  as  appendices.  An  operations  manual,  already  supplied,  is 
included  by  reference  only. 
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INTRODUCTION 


The  military  has  need  for  means  to  dewater 
dif f icult-to-filter  suspensions  and  sludges.  Typically  these 
include  concentrated  human  wastes,  chemical  sludges  such  as 
Erdlator  slowdown,  and  certain  munitions  wastes.  Work  done  under 
Contract  DAAG  53-75-C-0276  demonstrated,  on  both  bench  and  pilot 
plant  levels,  that  the  rotary  vacuum  precoat  filter  (RVPF)  using 
appropriate  grades  of  diatomaceous  earth  filter  aids  will  dewater 
such  sludges. 


In  a single  operation,  clear  liquid  and  damn  solid  phases 
were  produced,  the  latter  having  dry  solids  levels  ranging 
between  30  and  50  percent.  Generally  this  was  accomplished 
without  the  need  for  added  chemical  conditioning,  although  it  was 
recognized  that  conditioning  might  be  advantageous  in  certain 
instances. 


The  final  report  for  the  earlier  work  recommended  that  a 
prototype  unit  be  built  which  would  be  suitaole  for  military  use. 
Since  some  of  these  suspensions  contain  fibrous  materials,  stock 
filter  units  are  not  able  to  handle  these  suspensions. 
Johns-Manville  pioneered  the  development  of  specialized  equipment 
for,  and  now  has  fifteen  years  of  experience  with  dewatering 
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fibrous  wastes. 


Furthermore,  Johns-Manville  has  working 
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The  contract  covers  two  principle  phases  or  tasks.  The 
first  includes  the  design  and  construction  of  the  prototype  unit 
and  the  second  includes  test  operation  of  the  equipment, 
furnishing  of  operating  manuals,  training  of  MERADCOM  personnel 
and  writing  this  final  report. 
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1.  Tne  test  material  to  be  filtered  would  be  concentrated 


human  waste  without  pretreatment. 

2.  Since  the  unit  might  also  be  used  experimentally  on 
munitions  wastes,  all  electric  motors,  controls 
and  switchgear  were  to  be  Class  1,  Group  D 
explosion  proof. 

There  were  other  factors  for  which  consideration  was 
requested.  Among  these  were: 

1.  Minimize  size  and  weight  to  facilitate  air  transport,  if 
and  when  that  becomes  necessary. 


2. 


Corrosion  resistance  for  possible  exposure  to  a wide 
variety  of  aqueous  suspensions  with  varying  degrees 
of  salinity,  acidity,  alkalinity  or 
combinations  of  these. 

3.  Capability  to  handle  both  fibrous 
and  non-fibrous  solids. 

Sizing  the  Filter 

The  pilot  plant  work  established  that  the  RVPF  would  filter 
either  concentrated  human  waste  as  received  or  after  pretreatment 
with  ferric  chloride  and  a polymer.  ^ somewhat  smaller  filter 
would  be  required  for  the  conditioned  waste  but  the  logistics  for 
chemical  treatment  made  filtration  of  untreated  waste  more 
desirable.  Pretreatment  can  be  adopted  at  a latter  date  if 
necessary. 

The  pilot  plant  work  established  that  a three  foot  diameter 
drum  having  a filtering  surface  one  foot  wide  (3  foot  X 1 foot) 
would  have  an  average  filtering  surface  with  3 inch  cake  of  about 
10  square  feet  which  is  sufficient  filter  area  to  handle  the 
daily  wastes  for  250  persons.  The  pilot  plant  work  also 
established  that  even  though  the  waste  varied  with  aging,  with 
the  seasons,  and  just  from  batch  to  batch,  the  R7PF  performance 
was  relatively  unaffected.  More  important  were  the  selection  of 
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the  correct  grade  for  filter  aid  and  use  of  the  revolving  knife 
to  remove  fiDrous  solids. 

A 3 foot  X 1 foot  RVPF  is  a very  small  filter  by  industrial 
standards  and  several  companies  have  such  equipment  available  as 
pilot  plant  test  equipment.  For  such  purposes  the  equipment 
manufacturers  use  generally  accepted  standards  or  rules  of  thumb 
for  sizing  accessories  such  as  vacuum  pumps,  filtrate  pumps  and 
receivers,  etc.  While  not  a filter  manufacturer,  Johns-Manville 
also  uses  these  same  criteria  for  sizing  accessories.  Since  the 
filtering  area  had  already  been  established,  a set  of  bid  specs 
could  be  developed  for  bidding  purposes.  The  bid  specs  included 
in  Appendix  II  are  based  on  the  original  set,  but  have  been 
modified  to  reflect  the  as-built  unit  so  that  characteristics  of 
the  prototype  unit  could  be  duplicated  readily. 

Selection  of  Filter  Supplier 

Sid  specs  were  sent  to  the  four  principle  RVPF  manufacturers 
in  the  United  States.  Options  considered  by  Johns-Manvil le  were 
(1)  the  purchase  of  the  filter  and  accessories  as  individual 
components  to  be  installed  by  Johns-Hanvil le  on  a specially 
designed  platform,  or  (2)  purchase  of  a complete  unit  already 
platform  mounted  to  which  Johns-Manvil le  could  make  necessary 
additions  and  modifications. 
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On  this  oasis  Eimco  Process  Machinery  Division  of  Envirotech 
Corporation  (Eimco)  of  Salt  Lake  City,  Utah  was  selected  as  the 
principle  equipment  supplier.  Approval  to  proceed  with  this 
vendor  was  obtained  from  both  4ERADC0M  and  DCASMA  in  Denver. 

* 

The  basic  unit  price  was  $34,456.00  f.o.b.  Salt  Lake  City. 
Eimco  also  supplied,  as  extras,  the  starters  for  Johns-Manville 
supplied  motors  and  the  specially  designed  mounting  for  the 
Johns-Manville  supplied  revolving  knife  assembly.  Cost  of  these 
extras  was  $3,017.0U. 


Delivery  of  Equipment 

Failure  to  understand  the  internal  operations  of  this 
supplier  caused  serious  delays  in  the  delivery  of  the  equipment 
to  Johns-'lanville.  We  were  not  advised  that  no  parts  or 
subassemblies  would  be  ordered  or  fabricated  until  all  of  Eimco 
engineering  drawings  were  completed  and  certified,  the  last  step 
being  aelayed  several  months  while  minor  details  were  discussed 
and  resolved.  Johns-Manville  nad  understood  long  delivery  items 
had  been  ordered,  but  they  were  not.  This  delay  caused 
particular  problems  with  obtaining  200-203  volt  3 phase  explosion 
proof  motors  on  what  became  short  notice. 
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The  equioment  was  inspected  at  the  vendor's  manufacturing 
facility  and  several  minor  deficiencies  noted  and  corrected 
oefore  the  unit  was  shipped  to  Denver.  This  vendor  does  not  have 
facilities  to  make  actual  filtration  tests  before  shipment. 

Modifications  by  Johns-.tanvil le 

As  received,  the  filter  unit  had  no  facilities  for 
preparation  and  pumping  of  precoat  slurry,  or  pumping  of 
unfiltered  feed  to  the  filter.  Also  lacking  were  the  revolving 
knife  assembly  and  drive  used  when  fibrous  wastes  are  to  be 
dewatered.  The  other  important  addition  was  fork  lift  guides 

I 

needed  to  improve  field  handling. 


For  slurry  preparation,  a 60  gallon  316S5  tank  and  agitator, 
were  obtained  and  installed  on  the  skid.  As  noted,  a starter  and 
overload  protection  for  this  mixer  had  been  provided  in  the 
explosion-proof  electrical  control  panel. 

To  pump  both  precoat  slurry  and  unfiltered  feed,  a 
rloyno^  pump  and  1 horsepower  variable  speed  drive  were  installed 
on  tne  skid  and  piped  and  valved  so  that  feed  could  be  pumped 
fiom  either  the  precoat  tank  or  an  external  feed  tank  or  other 
source.  The  variable  speed  drive  motor  is  controlled  by  a 
manual-off-auto  selector  switch  at  the  conrrol  panel.  The  manual 
mode  is  strictly  on-off,  while  the  auto  mode  is  controlled  by  an 
adjustable  probe  in  the  filter  bowl.  In  practice,  the  motor 
speed  is  set  so  that  the  pumping  rate  is  slightly  faster  than  the 
A'JPF  filtering  rate.  The  level  control  then  starts  and  stops  the 
motor  to  maintain  the  desired  bowl  level.  Because  of  the 
sensitivity  of  the  level  control  system  (±  1/16-inch)  it  has  a 
built  in  time  delay  to  decrease  the  frequency  of  motor  starts  and 
stops,  which  could  generate  sufficient  heat  to  damage  the  motor. 
Ideally,  motor  speed  should  be  set  so  that  there  will  be  no  more 
than  1C  to  15  stop-starts  per  hour. 
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Revolving  Knife  Assembly 


To  remove  fiber -containing  solids  from  the  diatomaceous 
earth  filter  aid  precoat,  a custom  designed  and  built  revolving 
knife  assembly  was  attached  to  a fixture  provided  by  Simco.  The 
revolving  knife  assembly,  covered  by  U.3.  Patent  No.  3,520,410, 
is  shown  on  J-M  drawing  No.  56612-2.  It  consists  of 
12  3teliteR  6K  blades  1-1/16-inch  wide  mounted  on  type  316S3  arms 
and  snaft,  and  driven  by  a 1/3  horsepower  1750  rpm  explosion 
proof  motor  with  a V-belt.  As  set  up,  the  assembly  removes  a 
12-1/io-inch  wide  accumulation,  but  using  additional  1/16-inch 
thick  spacers  the  "cut"  could  be  widened  to  12-3/4-inch  if  this 
becomes  desirable,  e-.g.,  to  increase  the  effective  filtering 
capacity  of  the  unit  when  a cake  wider  than  12-inch  has  been 
applied. 

3ecause  this  revolving  knife  assembly  is  very  dangerous  if 
tne  knives  are  allowed  to  come  in  contact  with  hands,  clothing  or 
foreign  objects  while  the  unit  is  in  operation,  special  attention 
has  been  given  to  the  design  of  the  guard  for  it.  Under  normal 
operating  conditions,  accidental  contact  with  the  knives  is  not 
possible.  Contact  would  be  possible  near  the  end  of  the  run  when 
little  caxe  is  left,  if  the  revolving  knife  is  manually  fully 
retracted,  since  the  guard  retracts  with  the  knife.  Then  a gap 
of  perhaps  2-inches  between  guard  and  cake  would  permit  a hand  or 
fingers  to  be  inserted  and  serious  injury  would  result. 


dtandar  d or  act  ice  shall  oe  that  t he  motor  driving  the 
revolving  <mves  must  be  stopped  and  the  knives  be  stationary 
before  they  at  e retracted  from  the  cake  face. 

Under  no  circumstance  is  the  knife  assembly  t o be  ooer  ated 
with  the  cover  r emoved , and  under  no  cir cumst ance  ate  st icks  or 
other  sucn  object s to  be  used  to  attempt  t o cleat  t ho  discharge 
par  t witn  tne  t evolving  knives  in  oper  at  ion . 

The  knife  assembly  can  be  shut  down  for  brief  periods,  and 
tne  cover  can  then  oe  removed  for  cleaning  without  seriously 
adversely  affecting  filter  performance. 

Field  Modifications 

After  modifications  were  completed  at  Denver,  several 
attempts  were  made  to  precoat  the  unit.  These  were  generally 
unsuccessful  due  to  inability  to  pull  an  adequate  vacuum  to  hold 
the  precoat  layer  in  place.  This  was  duly  reported  to  Eimco,  who 
after  consulting  their  supplier,  advised  that  the  pump  should  be 
adequate  at.  sea  leval  (Fort.  3elvoir)  but  might  be  marginal  at 
55Uo  feet  elevation.  This  is  an  unacceptable  condition  for  a 
general  purpose  portable  unit,  but  because  of  contractual  time 
constraints,  the  unit  was  shipped  to  HERADCQM  for  further 
investigation  into  the  vacuum  problem. 
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It  may  oe  recalled  that  one  of  the  original  criteria 
considered  in  the  design  of  the  unit  was  to  be  weight.  Dne 
alternate  offered  by  Eimco  was  a compact  plastic  vacuum  pump  made 
by  5IHI  of  3uffalo,  dew  York  which  is  300  pounds  lighter  than  a 
comparable  all  metal  vacuum  pump.  Recognized  at  the  outset,  as  a 
possible  problem  is  its  maximum  displacement  of  only  34  cfm  at 
2o-inches  Hg.  The  usual  criterion  by  which  vacuum  pumps  are 
sized  is  4.0  cfm  per  square  foot  of  filtering  surface,  requiring 
in  thi3  case  just  under  40  cfm  by  Eimco's  calculation  of 
a>. 5 square  feet  of  effective  filter  area.  Discussions  with  the 
vendor  established  that  Eimco  believed  the  plastic  pump  would  be 
adequate,  and  the  pump  was  ordered  with  the  proviso  on  the 
purchase  order  that  Eimco  would  so  warrant. 

At  Fort  Bel  voir  the  vacuum  pump  performance  was  no  better 
tnan  at  Denver.  This  was  observed  by  Eimco  who  tnen  loaned  a 
larger  pump  from  another  pilot  plant  so  that  evaluation  of  the 
unit  could  continue.  The  plastic  pump  was  suDsequently  returned 
to  the  manufacturer  for  evaluation  and  was  found  to  be  damaged 
internally,  which  substantially  reduced  its  capacity. 

With  the  substitute  pump  it  was  found  that  the  area  of  the 
filtering  surface  on  which  cake  was  formed  was  at  least 
12.5  square  feet,  rather  than  10. 0 square  feet  or  less  as 
originally  specified.  This  is  advantageous  in  terms  of  filtering 
capacity  but  does  require  more  vacuum  pump  capacity  for 
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precoating.  As  a result,  Johns-Manville  decided  that  the  plastic 
pump  should  he  replaced  with  a 60  cfn  pump  with  the  difference  in 
cost  between  pumps  being  added  to  the  price  of  the  unit.  3ecause 
the  larger  pump  is  substantially  larger  physically,  a specially 
fabricated  base  was  supplied  to  fit  it  onto  the  existing  skid. 
This  new  pump  still  requires  final  checkout. 

With  the  filter  operable,  it  was  quickly  found  that  the 
drive  wmch  advances  the  knife  or  revolving  knife  assembly  toward 
the  filter  drum  moved  foward  at  much  too  fast  a rate.  Eimco 
normally  uses  a fractional  SCR-cont rolled  drive  for  this  purpose 
but  such  orives  cannot  be  obtained  in  explosion  proof  form.  An 
explosion  proof  Graham  motorized  speed  reducer  was  designed  into 
the  system,  but  because  of  long  delivery  a temporary 
non-explosion  proof  Graham  was  installed  to  permit  unit  check 
out.  The  permanent  drive  has  since  been  received. 

The  Graham  drive  has  a 6u  division  dial  from  0 to  maximum 
output  speed  of  5 rpm  for  the  permanent  drive.  As  set  up, 
maximum  usable  knife  advance  rate  was  less  than  2 of  the 
6u  divisions.  Under  these  conditions  control  accuracy  and 
repeatability  were  unsatisfactory,  which  was  duly  relayed  to 
Eimco  as  designer  and  supplier. 

After  some  negotiations,  Johns-Manville  agreed  to 
f leld-install  a countershaft  or  jack  snaft  which  would  provide  an 


additional  stage  of  gear  reduction.  Available  space  allowed  only 
about  a 6:1  reduction  instead  of  the  10:1  or  more  nooed  for,  but 
this  expanded  the  Graham  control  range  to  about  2u  divisions 
which  should  be  adequate  when  working  with  low  rates  of  knife 
advance.  Higher  knife  advance  rates  are  not  a pioblero. 

Dne  other  field  modification  was  made  to  facilitate  routine 
operation.  All  diatomaceous  earth  filter  aids  tend  to  crack  to 
some  degree  during  the  application  of  the  precoat  layer.  If 
cracking  becomes  so  severe  that  loss  of  vacuum  occurs,  chunks  of 
filter  cake  may  fall  out  and  occasionally  the  entire  cake  may 
fall  off  into  the  filter  bowl.  Cracking  is  due  in  large  part  to 
drying  out  of  the  cake  after  it  emerges  from  the  slurry  pool  in 
tne  bowl  and  may  be  overcome  by  applying  additional  moisture. 
So-called  "fogging"  nozzles  were  installed  on  the  emergence  side 
of  the  drum  to  wet  down  the  cake  after  it  has  begun  to  dry  out. 
The  available  nozzles  were  somewhat  coarse  for  this  service  and 
must  be  cautiously  regulated  to  avoid  washing  the  surface  of  the 
cake,  but  are  effective  in  controlling  cracking. 

Tne  Completed  Unit 

Tne  completed  unit,  as  modified  and  ready  for  checkout,  is 
snown  schematically  in  Figure  1 and  pictorially  in  Figures  2 
througn  5.  These  pictures  do  not  show  the  new,  larger  vacuum 
pump  in  place  however . 


Cost  of  the  completed  unit  as  snown,  but  excluding 
developmental  costs,  was  $42,900. 

A complete  set  of  drawings  of  the  unit,  as  supplied  and 
modified,  is  contained  in  Appendix  I. 

Captions  for  the  pictures  are  largely  self-  explanatory. 

Since  detailed  operating  instructions  are  contained  in  the 
instruction  manuals,  which  are  included  in  this  report  only  by 
reference,  tney  will  not  be  repeated  here.  Results  of  test 
operation  are  included  in  the  next  section. 


TO  DRAIN  10  DRAIN  OR  PROCESS 


Filter  with  filter  aid  cake  in  place  is  in  background. 

Speed  reducer  in  upper  right  controls  drum  rotational  rate. 
Guarded  "cage"  houses  bowl  agitator  drive. 


FIGURE  3 

Rotary  Vacuum  Precoat  Filter  (RVPF) 

Filter  drum  and  cloth  septum  are  clean  and  ready  for 
beginning  of  precoating  operation. 


FIGURE  4 


Beginning  of  Precoating  Operation 

MERADCOM  technician  is  controlling  this  operation.  Pipe 
directly  behind  him  is  level  control  sensor  and  level  control 
for  filter  feed  pump  start-stop  is  directly  below. 


Jr  awinqs,  Ope t at  inq  Manuals,  Etc. 


Dr  awinqs 

As  noted  earlier,  the  purchase  specifications  for  the  filter 
unit  as  modified  have  been  included  in  this  report  as 
Appendix  II.  Used  as  is,  they  would  buy  the  basic  unit  including 
modifications  made  by  Jonns-Manville.  To  detail  those 
modifications  the  set  of  blueprints  included  with  this  report 
includes  cnanges  made  both  in  Denver  and  in  the  field.  The  specs 
and  drawings  contain  the  information  needed  to  purchase  a similar 
unit  or  parts  thereof. 

Tnese  drawings  represent  a joint  effort  with  Simco,  who 
provided  a master  set  of  their  drawings  for  modification  to 
as-builts.  All  drawings  are  Keyed  to  the  3enal  numoer , 31631, 
assigned  to  tne  filter  unit  by  Eimco,  and  they  will  have  master 
drawings,  as  modified,  if  replacement  parts  are  ever  reouired. 

Installat ion  Operation  and  Maintenance  Instruct  ion 

Manual 


As  required  by  the  Contract,  six  (6)  copies  of  the  Manual 
nave  been  provided  to  MERADCOM  with  the  equipment,  and  are 
included  herein  only  by  reference.  These  manuals  are  also  Keyed 
to  Eimco  serial  number  61631  for  this  filter  unit  and  contain  not 


only  detailed  operating  instructions  but  complete  parts  lists  and 
complete  sets  of  reduced  drawings,  .laster  copies  have  been 
retained  oy  both  Simco  and  John3-Manvi 1 le  for  possible  future 
reference. 
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Objectives 

The  objectives  of  Phase  II  were  to  demonstrate  that  this 
prototype  RVPF  unit  would  effectively  dewater  difficult 
suspensions  and  sludges,  and  to  train  ME5ADC0M  personnel  to 
operate  tue  equipment.  Furnishing  of  operating  instructions  and 
completion  of  the  Final  Report  are  also  integral  parts  of  this 
Pnase. 


Test  Material 


The  previous  bench  and  pilot  plant  studies  had  established 
that  the  Rv/PF  could  effectively  dewater  "concentrated  human 
waste"  without  the  need  for  prior  chemical  conditioning.  In  the 
previous  studies  this  was  so  even  though  wide  variations  were 
found  from  oatch  to  batch  and  from  season  to  season  because  of 
changes  m tne  chemical  stabilizing  systems  (preservatives)  used. 
Concentrated  human  waste  was  specified  as  the  test  medium  for  the 
Phase  II  test  program,  because  MERADCOM  foresees  an  eventual  need 
to  nandle  this  and  similar  material  in  connection  with  Array 
watercraft  operations  and  certain  other  programs. 
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Tne  ‘previous  work  also  indicated  tnat,  in  spite  of  the 
preservative  s/stems  used  for  such  wastes,  aging  changed  the 
filtration  characteristics  - with  apparent  improvement  in 
filtration  rates.  A separate  study  was  included  to  further 
investigate  this  phenomenon.  Some  other  similar  small  studies 
originally  called  for  under  the  contract  were  deleted  by  mutual 
consent  oecause  of  difficulties  in  obtaining  test  materials  and 
oecause  of  funding  problems. 

Two  separate  batches  of  waste  were  used  in  this  pnase. 
laole  1 illustrates  the  wide  variability  between  batches  and  also 
clearly  illustrates  that  degradation  does  occur  with  ace.  Total 
suspended  solids  (T33)  determinations  on  this  unfiltered  (and 
almost  unf ilterable)  material  are  very  difficult  but  these 
determinations,  all  by  ME3AOCOM  personnel,  were  in  duplicate  or 
triplicate  with  good  agreement.  All  the  13RADC3.1  analytical  data 
are  included  in  Appendix  III.*  Average  values  are  shown 
in  Table  1. 


‘Raw  ivVPi’  operating  data  are  included  in  Appendix  I. 
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TABLE  1 


CONCENTRATED  HUMAN  WASTE  BATCHES 


Date 

TSS 

Batch  1 

(mg/1) 

2 June 

13294 

5 June 

8228 

6 June 

4744 

13  June 

9468 

14  June 

5263 

COD 

(mg/1) 

TS 

(mg/1) 

47733 

36560 

32667 

21795 

10710 

19740 

6380 

TSS  LOI 
(mg/1) 

TSS  LOI 

(%) 

11019 

82.9 

7496 

91.1 

4248 

90.2 

6004 

70.9 

3579 

68.0 

Batch  2 


16  June 

5194 

16589 

11675 

4706 

90.6 

23  June 

1679 

11500 

7723 

30  June 

1540 

11888 

7970 

842 

54.7 

Some  apparent  anomalies  are  probably  accounted  foi  by  the 
manner  in  which  the  material  was  3tored  and  handled  during  the 
test  program.  A 1000  gallon  batch  was  stored  in  a covered 
underground  concrete  tank.  Prior  to  each  use,  a gasoline  powered 
macer ator-pump  was  used  to  churn  up  the  contents  of  the  tank, 
some  of  wnic.i  «ss  then  transferred  to  a 500  gallon  rubber  "day 
tank"  from  whicn  the  RVPF  feed  was  drawn.  Some  variations  in 
feed  quality  probaoly  are  related  to  the  effectiveness  of  the 
initial  churning  each  day  despite  the  conscientiousness  of  the 
technician  handling  this  aspect  of  the  work. 

Even  so,  tne  effect  of  aging  is  clearly  established.  In 
spite  of  tne  preservatives  used,  TSS  and  COD  degradation  is 
substantial  during  the  first  week,  and  much  less  so  thereafter. 
Most  of  the  COD  loss  appears  to  be  associated  with  suspended 
solids  destruction  since  total  solid3  (T5)  after  correction  for 
T33  are  fairly  consistent. 

The  data  in  Table  1 give  some  indication  as  to  why  aged 
material  mignt  filter  at  a higher  rate  even  though  degraded 
suspended  solids  of  this  type  usually  are  less  permeable  than 
fresh  ones.  There  are  far  fewer  of  them.  Both  the  nature  and 
the  amount  of  solids  govern  filtration  rates. 


Filter  Performance  Tests 


Initial  filter  performance  was  determined  using  3atch  1 as 
feed.  This  was  also  tne  period  when  serious  precoat  application 
difficulties  were  encountered  because  of  inadequate  vacuum. 
Precoat  formation  was  poor  but  once  in  place  with  waste  solids 
present,  cake  permeability  was  reduced  to  the  extent  that  vacuum 
supply  was  more  nearly  adequate.  A substitute  vacuum  pump  was 
used  for  the  tuns  with  this  same  batch  on  June  13  and  14  and  much 
higher  filtration  rates  were  observed.  But  TS3  and  COO  values 
are  also  far  lower  than  when  the  stock  was  fresh,  so  the  effect 
of  the  larger  vacuum  pump,  while  undetermined,  was  probably  less 
of  a factor  than  the  "thinner"  feed  stock. 

Filter  Aid  Grade  Vet sus  Filtrat ion  Rate 

Table  2 summarizes  the  work  done  with  Batch  1 as  feed. 

Three  grades  or  permeabilities  of  filter  aid  were  used,  and  one 
of  tnese  grades  was  also  treated  to  apply  a coating  of  aluminum 
nydrate  (for  convenience  designated  here  as  AI(3H)3).  The  three 
filter  aids  have  a nominal  range  of  clear  water  permeabilities  of 
about  300  percent  as  shown  here. 
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Filter  Aid  Gr ade  Relative  Water  Permeability 

CCLITE  512  u . 65 

HYFLO  3UPER-CEL  1.00 

CELIT3  503  1.80 

Application  of  a coating  equivalent  to  2 percent  Al(OH)^  to  HYFLO 
would  be  expected  to  i educe  its  permeability  to  0.80  to  0.90.  (If 
tne  AlOa)^  is  not  a coating  but  a separate  phase  the 
permeability  would  be  in  the  range  of  0.20.) 

As  noted  earlier,  and  also  in  the  report  of  the  previous 
work,  ooth  the  nature  and  the  amount  of  solids  must  be  considered 
in  filtration  processes.  This  is  particularly  true  of  the  RVPF. 
CELITE  512,  HYFLO  and  Coated  HYFLO  all  produced  substantially  the 
same  filtration  rates  on  relatively  unaged  3atch  1 feed. 

Similarly  HYFLO  and  CELITE  5u3  produced  similar  filtration  rates 
on  the  same  3atch  after  almost  two  weeks  aging,  and  the  rates  are 
approximately  doubled;  but  as  seen  from  Table  1 the  TS3  and  COD 
values  are  less  than  half  the  initial  values.  This  could  account 
for  tne  increased  filtration  rates  observed.  The  subsequent 
study  with  3atch  2 appeared  to  confirm  this. 


$ 
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FROM  BATCH  1 


Liquid-Sol ids  Separation  Efficiency 


3y  its  nature  the  RVPF  process  makes  a virtually  complete 
separation  of  T33  from  the  filtrate.  However,  each  filter  aid 
grade  has  some  minimum  sized  T3S  particles  which  will  not  be 
retained  at  the  surface  of  the  filter  aid  cake  - this  size 
increasing  as  the  permeability  of  the  filter  aid  grades 
increases.  Because  of  the  initial  thickness  of  the  precoat 
layer,  the  effect  of  this  passage  of  fine  particles  may  not  be 
observed  for  some  time,  but  if  the  cycle  is  continued  long 
enough,  one  or  both  of  two  effects  can  be  observed.  If  tne 
filter  aid  is  open  enough  and  the  T33  particles  are  fine  enough 
the  latter  will  pass  through  the  cake  and  be  observed  as 
increased  T33  values  in  the  filtrate.  This  effect  can  be  seen  in 
tne  filtrate  data  for  the  runs  made  June  6 and  13  where 
degradation  decreased  the  particle  size  for  the  second  of  the  two 
H if  FLO  runs  resulting  in  a higher  T3S  value,  and  the  run  made  on 
June  14  witn 

C ELITE  503.  Because  of  its  greater  permeability  CELITE  503  will 
pass  larger  particles  than  H'/FLO  does,  and  higher  TS3  values  were 
observed  in  the  filtrate. 


fne  second  possibility  is  that  TS3  not  retained  will  only 
partially  pass  through  the  cake  and  gradually  plug  its  internal 
structure.  This  phenomenon  is  called  penetration  and  is 
important  for  a number  of  reasons: 

1.  favorable  process  economics,  i.e.,  cost  of  filter  aid, 
is  dependent  on  retaining  the  TSS  on  or  near  the  surface  so  that 
a minimum  itnife  advance  (cut)  is  required,  taking  with  it  a 
minimum  amount  of  filter  aid.  (Remember,  amount  and  nat ure  of 
TSS  govern  the  filtration  rate,  rather  than  filter  aid  grade, 
within  quite  wide  limits). 

2.  Continuing  penetration  beyond  the  depth  of  tne  cut  per 
drum  revolution  will  gradually  clog  the  cake  pore  structure,  and 
an  increasing  loss  in  flow  rate  through  the  cake  will  result. 

This  could  result,  m inability  of  the  filter  to  handle  its  design 
load. 


J.  In  severe  cases  of  penetration,  the  cake  may  become 
almost  completely  impermeable  and  the  cake  surface  will  actually 
be  washed  or  sloughed  from  the  drum  due  to  the  washing  action 
caused  by  drum  rotation  and  bowl  agitation.  This  not  only 
results  in  zero  filter  capacity,  but  it  may  also  result  in  fouled 
filter  septa  and  other  undesirable  side  effects. 


Assuming  that  a proper  grade  of  filter  aid  has  been  selected 
to  control  penetration,  and  ignoring  the  runs  of  June  13  and  14 
with  oadly  degraded  stock,  all  other  runs  effected  at  least 
9*  percent  TSS  removal  and  most  were  better  than  99.9  percent. 
This  equals  or  betters  the  performance  observed  in  the  earlier 
pilot  plant  tests. 

The  R7PF  also  effected  substantial  reductions  in  COD. 
However,  the  degree  of  removal,  ranging  between  75  and  40,  is 
strongly  affected  by,  and  decreases  with  aging  of  tne  stock. 


3y  contrast,  T3  values,  after  correcting  for  TSS  effects, 
were  relatively  unaffected  by  tne  filtration  process. 
Corrections  were  made  as  follows; 


TSp  - TSSp 
TSi  - TSSi 


wner  e: 


X 100  = % 


TSj.  & T33p  are  filtrate  values 
T3j  & T33 j are  feed  values 

« TS  Change  is  + for  increases  and  - for  decreases 


Sven  though  Batches  1 and  2 were  quite  different  in 
characteristics,  T5  changes  were  plus  or  minus  13  percent  from 
initial  values.  To  determine  whether  observed  increases  (i.e., 
plus  values)  are  real  would  require  making  a full  material 
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balance  for  which  not  all  data  needed  are  available, 
the  s.nall  cnanges  observed  such  data  would  appear  to 


In  view  of 
be  of  very 


limited  value 
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Removed  Solids  Char acter ist ics 

Since  removal  of  T35  by  the  RVPF  is  essentially  complete, 
the  removed  solids  or  "cuttings"  contain  the  TSS  along  with  small 
amounts  of  filter  aid  and  moisture.  Since  the  moisture  also 
contains  dissolved  solids  (TDS)  in  the  same  concentration  as  the 
filtrate,  simple  drying  at  lu5°C  results  in  dry  solids  values  for 
the  cuttings  that  are  somewhat  higher  than  if  a cake  washing 
device  had  oeen  in  use.  Similarly  losses  on  ignition  (L.O.I.) 
will  be  low  because  the  TDS  retained  in  the  cuttings  are  about 
50  percent  inorganic. 

Moisture,  as  defined  above,  ranged  between  42.6  and 
54.2  percent  for  ten  cuttings  samples.  This  is  unusually  iow  for 
cuttings  and  may  be  due  to  the  high  degree  of  pulverization 
produced  by  tne  revolving  knife  assembly.  Since  "dusting"  was  a 
problem,  the  rotational  speed  of  the  assembly  will  be  slowed  down 
and  tms  is  expected  to  increase  cake  moisture  to  a more  normal 
50  to  60  percent. 
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Aging  Tests 

The  filtration  tests  with  Batch  1 tended  to  confirm  the 
earlier  findings  that  filtration  rates  improved  as  the  waste 
aged.  But  the  earlier  studies  had  too  few  data  to  determine  why 
this  might  be  so.  As  originally  planned,  the  tests  with  3atch  1 
also  would  not  have  covered  a sufficient  period  to  observe  why 
this  might  oe  so.  As  the  program  actually  developed,  the  data 
for  3atch  1 in  Table  1 began  to  provide  a much  better  idea  of  why 
filtration  rates  could  improve. 

Batch  2 was  obtained  specifically  to  study  the  effect  of 
aging.  3ecause  of  the  limited  volume  of  the  underground  tank 
only  three  runs,  i.e.,  fresh,  after  1 week  and  after  2 weeks, 
could  be  made.  The  data  for  Batch  2 in  Table  1 indicate, 
however,  that  the  same  sort  of  degradation  had  occurred. 

As  seen  in  Table  3,  the  three  filter  runs,  all  with  HYFLO 
filter  aid,  follow  the  same  patterns  observed  in  the  original 
pilot  plant  work  and  3atch  1 work  with  new  unit.  Now,  however, 
the  feed  data  for  Batch  2 indicate  that  most  of  the  degradation 
occurs  in  the  first  week,  and  the  filtration  rate  data  appear  to 
correlate  well  with  the  degree  of  degradation  of  the  feed. 
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The  data  for  the  tnird  run  may  indicate  that  additional 
degradation  may  have  adverse  effects  on  filtration  rates,  but 
with  only  a single  filtering  cycle  such  a conclusion  would  be 
speculative. 

There  would  appear  to  be  some  real  advantage,  in  terms  of 
both  filter  capacity  and  filter  aid  consumption,  to  allowing  the 
waste  to  age  several  days.  After  seven  days,  the  filtration  rate 
more  than  doubled,  meaning  that  a filter  of  a given  size  could 
filter  twice  the  volume  of  waste.  This  also  has  the  effect  of 
decreasing  the  amount  of  filter  aid  required  per 
half  or  more,  as  discussed  below. 


unit  volume  by 


(2)  Acidify  to  pH  3 for  best 
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Filter  Aid  Consumpt ion 

All  of  the  cycles  in  this  latest  study  used  about  the  same 
initial  operating  conditions,  i.e.,  30  percent  submergence, 

2 minutes  per  drum  revolution  and  approximately  5.5  thousandths 
of  an  inch  (mils)  pei  minute  knife  advance.  3ecause  of  the 
limited  amount  of  feed  material  and  because  the  specific 
objective  of  this  study  was  to  determine  the  effect  of  feed 
degradation,  filter  aid  consumption  could  not  be  optimized.  In 
the  third  run  on  Batch  2 some  limited  work  was  done  toward 
optimization,  and  it  does  appear  that  a balance  between  filter 
aid  consumption  and  filtration  rate  may  have  been  bracketed. 

For  convenience  in  calculating  filter  aid  use,  rate  of  knife 
advance  (k.a.)  is  stated  in  mils  per  minute.  The  volume  of 
filter  aid  used  per  unit  of  time  can  then  be  readily  calculated. 
Volume  used  X 2u  lbs  per  cubic  foot  converts  knife  advance  to 
weight  of  filter  aid  used.  And  this,  in  turn,  times  cost  of 
filter  aid  per  unit  weight  converts  to  the  cost  of  filter  aid  for 
the  same  unit  of  time.  When  the  number  of  gallons  filtered  in 
that  period  of  time  is  known,  then  cost  of  filter  aid  per 
luOu  gallons  (of  feed)  filtered  is  readily  calculated. 

However,  in  terms  of  effective  operation,  the  distance  the 
knife  travels  during  each  revolution  of  the  dr  urn,  in  order  to 
remove  accumulated  and  penetrated  solids,  is  more  important. 


.Vith  a dr un  speed  of  about  2 minutes  per  revolution  the  k.a.  of 
5.5  mils  per  minute  becomes  11  mils  per  revolution  which  is  quite 
high. 

Until  the  knife  advance  drive  was  changed  late  in  the  work 
with  3atch  2,  there  was  no  way  to  have  accurate  control  of  knife 
advance  rates,  Hence,  early  filter  aid  consumption  data  are 
relatively  meaningless  large  numbers.  How  much  so,  can  be 
estimated  from  the  data  for  the  third  run  on  3atch  2.  Here  other 
drum  rotational  speeds  and  k.a.  rates  were  tried  with  indications 
that  k.a.  rates  between  about  4.0  and  5.5  mils  per  revolution 
would  be  aoequte  for  this  well  aged  waste.  These  calculate  to 
60  to  u5  pounds  of  filter  aid  per  1000  gallons  of  waste. 
Calculated  values  from  the  previous  pilot  plant  work  with  this 
same  filter  aid  grade  and  aged  material  ranged  between 
30  and  i#5  pounds  per  1000  gallons.  The  new  data  appear  to 
provide  reasonable  confirmation  of  the  earlier  pilot  plant  work. 


GENERAL  OBSERVATIONS 


Operation  of  the  RVPF  unit  at  Fort  Belvoir  was  generally  in 
line  with  expectations.  However,  three  potential  problem  areas 
were  identified: 

1.  With  tne  revolving  knife  assembly  operating  at  a speed  of 
1750  rpm,  considerable  dusting  of  the  removed  material 
occurred.  Because  of  its  nature  this  material  is  classed  as 
hazardous  and  presents  an  environmental  problem.  As  noted 
earlier  it  is  planned  to  reduce  the  speed  of  this  assembly  to 
about  1200  rpm  which,  based  on  previous  experience,  should 
minimize  dusting. 

2.  While  the  filter  picks  up  substantial  amounts  of 

fiber  with  the  otner  suspended  solids,  some  fibers  are  not 
picked  up  and  tend  to  accumulate  in  the  filter  bowl.  2otn 
TS3  and  COD  values  are  affected,  witn  f33  values  being 
affected  ..rare.  On  June  5,  after  about  6 hours,  TSS  values 
had  increased  from  about  0200  to  2*, 400  mg/1,  or  about  three 
and  a half  times.  On  the  other  hand,  COD  only  increased  from 
about  36,500  to  55,000  mg/1,  or  less  than  twice.  The  volume 
of  these  solids  can  be  made  quite  small,  10-15  gal  if  the 
filter  feed  is  stopped  and  the  contents  of  the  bowl  filtered 


down  to  where  contact  with  the  drum  is  lost,  but  some 
additional  work  on  disposal  of  this  "heel"  is  indicated. 
Regrinding  and  returning  to  the  feed  tank  is  one  possibility. 


3.  The  vacuum  pump  discharge  air-seal  water  separator 
furnished  by  the  vendor  is  ineffective  because  velocities  are 
too  great  to  permit  effective  phase  separation.  The  result 
is  a substantial  spray  of  water  which  might  be  contaminated. 
It  is  anticipated  that  fittings  properly  selected  for  the 
new,  larger  pump  will  effectively  resolve  this  problem. 

4.  The  use  of  fogging  sprays  during  precoating  and 

the  desirability  of  having  finer  ones  was  noted  earlier.  The 
sprays  are  mounted  in  a temporary  setup  and  are  not  shown  on 
drawings  and  parts  lists. 
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CONCLUSION  AND  RECOMMENDATIONS 


Prom  the  foregoing,  the  following  conclusions  have  been 
dr  awn: 

1.  Commercially  available  components  can  be 

assembled  to  make  a RVPF  unit  satisfactory  for  dewatering 
concentrated  human  waste,  with  the  addition  of  the  revolving 
knife  assembly  to  handle  fibrous  wastes. 

2.  The  performance  of  tne  unit  so  assembled  under 

this  contract  was  comparable  to  that  observed  in  earlier 
pilot  plant  studies  at  Fort  Qelvoir.  Filtration  rates, 
filter  aid  and  consumption,  and  degree  of  suspended  solids 
removal  were  all  closely  comparable  over  a range  of  feed 
conditions. 

3.  A study  designed  specifically  to  determine  the  effect  of 
aging  of  concentrated  human  waste  established: 

A.  Despite  attempts  at  preservation,  a high 

degree  of  degradation  of  T33  takes  place  in  the  first 
several  days,  substantially  reducing  the  amount  of  solids 
to  be  removed  by  filtration. 
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3. 


COO  associated  with  those  solids  is 


also  degraded. 

C.  Filtration  rates  to  remove  the  remaining 

T53  are  higher  because  of  the  lower  suspended  solids 
levels  but  are  not  proportionately  higher  indicating  that 
n:e  remaining  3olids  are  more  impermeable  than  fresh  ones 
would  be. 


4.  Despite  wide  variations  in  concentration  and 
condition  of  feed  solids  the  filter  effected  almost  total 
separation,  usually  99.9  percent  or  better  TS3  removal,  in 
all  cases  when  using  HYFLO  3UP5R-CEL,  a relatively  fine 
grade,  as  the  filter  aid. 

5.  Problem  areas  relating  to  incomplete  or  partial 

pickup  of  fibrous  material,  on  the  precoat,  dustiness  of  the 
material  removed  by  the  revolving  knives,  improvement  of  the 
air-water  separator  and  muffler  on  the  vacuum  pump,  and 
closer  control  of  the  fogging  sprays  during  precoat  formation 
all  require  some  additional  work  to  make  the  unit  fully 
satisfactory  for  its  intended  purpose. 


u 


' 


' 
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Recommendations 


1.  It  is  recommended  that  MERADCOM  take 
title  to  tne  equipment  which  is 
physically  located  at  Fort  Belvoir. 

2.  It  is  also  recommended  that  additional  funding 
previously  estimated  to  be  about  $3,000, 

to  $5,o00  be  considered  to  complete  the  work 
on  the  above  mentioned  problem  areas. 
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APPENDIX  I 


COMPLETE  SET  OF  DRAWINGS  FOR  EQUIPMENT  FURNISHED 
BY  PRIME  CONTRACTOR 


Eimco  Drawings 


81681D1* 

81681D200* 

816810206* 

81681D207* 

81681C20 

202682 

202683 

202580 

202600 

47867 

87635 

87636 
81681D29 
47827 

81681D214* 

81681D213* 

81681C24* 

81681B39 


J-M  Drawings 


56615-2 

56612-2 

56614-2 

56613-2 

56618-2 

56623-2 


Filter  General  Arrangement 
Filter  & Accessory  Platform  G.A. 

Filter  Control  Panel  Arrangement 
Filter  Control  Panel  Schematic  Wiring 
Filter  Drive  Assembly 
Valve  Assembly 

Bridge  Setting  Assembly  for  7"  Valve 
Agitator  Assembly 
Agitator  Drive  Assembly 
Lubrication  Assembly  for  Agitator  Pivot 
Trunnion  Bearing  Assembly  - Drive  End 
Trunnion  Bearing  Assembly  - Non-Drive  End 
Assembly  Precoat  Mechanism 
Engaging  Mechanism  for  Precoat  Drive 
E-Met  Precoat  Filter  & Accessories 
Platform  Detail 

Auxiliary  Apron  (Revolving  Knife  Mounting 
Fixture) 

Apron 


Precoat  Tank 

Revolving  Knife  Assembly 

Revolving  Knife  Guard 

Revolving  Knife  Mounting 

Knife  Advance  Drive  (Replaces  81681C18) 

J-M  Supplied  Piping 


* Includes  Modifications  or  Additions  made  by  J-M 
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General  Considerations ; 


A.  The  equipment  items  for  which  firm  price  and  delivery 
quotations  are  requested  herein  are  to  be  assembled  as 
a RVPF  unit  for  use  by  the  U.S.  Army  at  MERADCOM, 

Fort  Belvoir,  Virginia.  Pricing  is  requested  on  indivi- 
dual items  as  noted  below,  with  the  Buyer  retaining  the 
right  to  select  individual  items  from  various  sources 
as  necessary  to  fulfill  the  purposes  of  these  studies. 

Vendors  may,  however,  quote  also  on  a complete,  pre- 
assembled system  in  which  all  components  meet  these 
specifications . 

B.  Since  the  assembled  equipment  may  be  transported  by  air, 
weight  and  space  limitations  are  important  considerations 
and  reinforced  plastics  and  lightweight  corrosion  resis- 
tant metals  may  be  given  preference,  where  performance 

is  adequate,  over  heavier  materials  of  construction.  This 
equipment  may  be  used  for  a wide  range  of  acid  and  alkaline 
conditions  and  aluminum  is  not  acceptable  for  wetted 
components . 

C.  Quotations  shall  include,  in  addition  to  price  and  delivery, 
sufficient  data  on  performance,  e.g.,  pump  characteristics, 
power  consumption,  etc.,  dimensions,  weight  and  space 
requirements  to  permit  evaluation  as  to  suitability  for 

the  specific  intended  purpose. 

D.  The  attached  "General  Provisions"  which  apply  to  the  prime 
contact  will  apply  to  any  Purchase  Order  awarded  to  a suc- 
cessful vendor. 

E.  The  Buyer  reserves  the  right  to  reject  any  or  all  quotes. 

Description  of  Items  to  be  Quoted 

Item  1.  Rotary  Vacuum  Precoat  Filter  (RVPF)* 

One  (1)  RVPF  3'0"  diameter  x l'O"  face  width.  Low  submergence 

design  having  not  less  than  9 sq  ft  of  effective  filtering 

surface.  The  filter  shall  include  the  following  components: 

1.  Filter  Tank:  The  filter  tank  supplied  shall  be  a 1/4-inch 
fiber  glass  reinforced  polyester  resin  tank  shell  supported 
by  two  cast  reinforced  thermoplastic*  end  frames.  It  shall 

"Note : Throughout  these  specifications  "cast  reinforced  plastic" 
shall  be  read  as  "cast  reinforced  plastic  or  approved 
equal" . 
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be  supplied  with  3-inch  flanged  bottom  drain  connection, 
3-inch  overflow  connection  with  flexible  connection,  and 
agitator  and  drum  and  scraper  motor  brackets.  The  low  sub- 
mergence tank  will  be  designed  for  not  less  them  30  percent, 
and  preferably  up  to  35  percent,  circumferential  drum  sub- 
mergence. 

Filter  Drum:  The  cylindrical  filter  drum  supplied  shall  be 
of  cast  thermoplastic  construction  consisting  of  eight 
drainage  deck  sections  assembled  between  two  cast,  thermo- 
plastic drum  heads.  The  internal  piping  shall  be  capable 
of  filtration  rates  of  not  less  than  30  gpm  total  filtration 
rate  at  30  percent  submergence. 

Drive  Assembly:  The  filter  drum  drive  assembly  supplied 
shall  consist  of  a complete  drive  system,  driven  by  a 1/2 
HP  Class  1 Group  D explosion  proof  variable  speed  drive 
suitable  for  operation  on  208/230/460  volts,  3 phase,  60 
hertz  electric  current  to  provide  filter  drum  speed  of 
approximately  1/2  to  7-1/2  minutes  per  revolution. 

Filter  Valve:  The  filter  valve  may  be  of  the  single  or 
two  solution  type  and  shall  be  provided  on  the  non-drive 
end  of  the  filter  drum  and  shall  consist  of  cast  thermo- 
plastic valve  body,  bridging,  replaceable  wearplate,  with 
steel  adjusting  rods,  one  or  two  2-inch  diameter  outlet 
connections-,  one  or  two  neoprene  flexible  connectors, 
and  one  or  two  vacuum  gauges. 

The  filter  valve  shall  have  a hydraulic  capability  equal 
to  or  greater  than  the  drum  internals. 

Agitator:  A filter  tank  swinging  type  agitator  shall  be 
provided  consisting  of  two  arc  driven  members  with  connect- 
ing agitation  rakes  of  cast  thermoplastic  construction. 

The  agitator  shall  be  driven  by  enclosed  connecting  rod 
and  cranks  with  a 1/2  HP  Class  1 Group  D explosion  proof 
gearmotor  suitable  for  operation  on  208/230/460  volts,  3 
phase,  60  hertz  electric  current  and  to  provide  an 
agitation  speed  of  approximately  15-20  oscillations  per 
minute. 

Precoat  Scraper  Mechanism:  The  precoat  scraper  mechanism 
shall  be  provided  complete  with  a scraper  blade,  1/4  HP 
Class  1 Group  D explosion  proof  variable  speed  advance- 
drive  motor  with  automatic  stop  for  maximum  "in"  position 
and  manual  retraction.  Rate  of  advance  shall  be  reliably 
controllable  (*  10  percent)  between  0.2  and  15  thousandths 
of  an  inch  per  minute. 
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7 . Revolving  Knife  Assembly: 

See  drawings  81681C24  (Eimco) 

81681B39  (Eimco) 

56612-2  (J-M) 

56613-2  (J-M) 

56614-2  (J-M) 

Since  this  type  of  filter  will  be  used  on  some 
fiber-containing  wastes  a special  revolving  knife 
assembly  is  to  be  supplied  in  addition  to  the  fixed 
blade  designated  "scraper  mechanism".  This  assembly 
will  use  the  same  advancing  mechanism  described  in  the 
preceding  paragraph  (6)  and  must  be  compatible  therewith. 

8.  Filter  Media:  Five  (5)  cloth  filter  covers  equivalent  to 
Komline-Sanderson  No.  KS  201  (75  cfm  air  perm,  rating) 
and  two  sets  of  banding  material  shall  be  provided. 

Item  2.  Vacuum  Receiver  - Filtrate  Pump  Combination 

Since  vendors  may  offer  either  separate  components  with  con- 
necting piping  or  combined  receiver-mounted  pump  and  receiver, 
first  consideration  will  be  given  to  components  offered  as  a 
single  package.  However,  separate  components  having  sufficient 
merit  will  be  considered.  The  following  descriptions  are 
provided  for  the  purpose  of  proper  sizing. • 

1.  Vacuum  Receiver.  Shall  be  of  cast  or  fabricated  thermo- 
plastic,  15-inch  diameter  by  60-inch  long  complete  with 
two  2-1/2-inch  OD  tangential  side  inlet  connections,  one 
1-1/2-inch  diameter  top  outlet  connection,  one  1-inch 
diameter  bottom  drain  connection.  May  be  arranged  for 
receiver  - mounted  filtrate  pump  when  same  is  finished. 

2.  Filtrate  Pump.  Pump  shall  be  self-priming  at  25-inch  Hg 
vacuum  and  flooded  suction,  and  shall  be  rated  for  50  GPM 
H2P  at  40  ft  total  dynamic  head.  Motor  shall  be  Class  1 
Group  D explosion  proof  for  operation  on  208/230/460  volts, 

3 phase,  60  hertz.  If  other  than  direct  drive,  guards 
meeting  OSHA  standards  shall  be  provided. 

Item  3.  Vacuum  Pump. 

Liquid  ring  vacuum  pump,  motor  and  base.  Pump  to  be  rated  for 
60  cfm  at  20-inch  Hg  and  1750  rpm.  Weight,  seal  water  (at  60°F) 
and  brake  horsepower  to  be  stated.  Motor  to  be  Class  1 Group 
D explosion  proof  for  200/208  volts  3 phase  60  hertz  electric 
current.  Pump  is  to  be  furnished  complete  with  seal  line  strainer, 
seal  water  solenoid  valve,  and  water  trap-silencer. 

Use  of  aluminum  for  a mounting  base  may  be  quoted  as  an  alter- 
nate to  reduce  weight. 
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Item  4.  Control  Panel. 


Control  panel  shall  be  explosion  proof  (NEMA  7)  and  shall 
include  main  disconnect,  transformer  magnetic  starters, 
circuit  breakers,  start-stop  switches,  power  "on"  lights 
and  appropriate  white  on  black  plastic  nameplates.  Panel 
shall  be  designed  to  operate  on  200/208  volt,  3 phase, 

60  hertz  supply  (initially  wired  for  208  volts)  and  shall 
use  115  volts  for  control  circuits. 

Item  5.  Precoat  Tank  and  Filter  Feed  Pump  (Drawings  56615-2 
and  56623-2) 


A precoat  tank,  mixer  and  filter  feed  pump  suitable  for 
handling  d.e.  filter  aid  slurries  is  required  together  with 
interconnecting  piping.  The  pump  is  powered  by  a variable 
speed  drive  with  a range  appropriate  to  the  pump  supplied 
(0.5  to  20  gpm) , manually  adjustable  and  capable  of  on-off 
automatic  level  control.  Motors  to  have  same  characteristics 
as  other  electrical  components  of  unit. 

Item  6.  Support  Platform  or  Skid,  and  Assembly  as  a Unit 

A single  source  supplier  may  choose  to  quc  '»  > on  assembling 
the  above  enumerated  components  as  a unit  on  a platform  or 
skid  (or  skids,  see  below) . Because  of  weight  limitations  and 
the  need  for  corrosion  resistance,  the  skid  shall  be  fabricated 
of  aluminum  alloy  meeting  ASTM  Spec.  B209  Alloy  6061  T6.  The 
floor  of  the  skid  shall  be  checkered  plated  or  similar  non-slip 
material.  Because  of  transportation  limitations,  a single  skid 
may  not  exceed  6 ft  X 8 ft.  If  more  space  than  6 ft  X 8 ft  is 
required,  two  skids  having  6 ft  as  the  greatest  dimension  shall 
be  used.  Quotations  on  this  item  must  contain  sufficient 
dimensions  for  proper  evaluation.  All  wiring  shall  be  Class  1 
explosion  proof.  Piping  external  to  the  skid,  e.g.,  to  the 
filter  and  from  the  filtrate  pump,  will  be  hose  connections 
and  are  not  to  be  supplied.  Unpainted  metal  parts  other  than 
aluminum  are  to  be  cleaned  and  shop  primed  with  Tnemec  No.  77 
primer  or  equal. 
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